Synchronization of cell division resulting from exposure of Escherichia coli to elevated temperatures can be prevented by the presence of methionine. It is suggested that limitation of endogenous methionine at the elevated temperature might be the cause for the subsequent synchronization of cell division.
chrony in cells pretreated with p-fluorophenylalanine. It was concluded that cell division depends on a critical amount of a heat-labile protein, which is synthesized and accumulates during the division cycle.
We have shown that exposure of cultures of E. coli to temperatures of 43 to 45 C leads specifically to methionine starvation (4) . This starvation is due to the reversible inactivation of homoserine trans-succinylase (4, 5) , the first enzyme in the methionine biosynthetic pathway. Since it was previously shown that deprivation of certain amino acids results in synchronization of cell division (3), we examined the possibility that synchronization after exposure to high temperatures is due, in fact, to methionine starvation. We report here that synchronization of cell division which resulted from exposure to elevated temperatures was abolished if methionine was present during the heat shock. Moreover, methionine starvation for 16 min at 37 C resulted in synchronization of cell division.
Cells of strain 15T-A-were grown with shaking at 37 C in minimal medium A (1) containing glucose (0.1%), arginine (50,g/ml), and thymine (10 gg/ml). In each experiment, cell numbers were determined both by viable counts and by total cell counts in a PetroffHausser counting chamber after fixation with 6% formaldehyde. The data reported here are for total counts (minimum of 500 cells for each experimental point). Similar results were obtained by determining viable counts (minimum of 300 colonies). Exposure to elevated Effect of exposure to 43.8 C on subsequent cell division. A culture of strain 15T-A-growing exponentially at 37 C was divided in two. One part (a) was shifted to 43.8 C and incubated for 16 min. It was then returned to 37 C, and samples were removed at 5-min intervals for total cell count. The other part (b) was treated in the same way, except that methionine (100 ag/ml) was added at the moment of transfer to the higher temperature. ing water bath at 43.8 C F 0.2 C.
When an exponentially growing culture was transferred from 37 to 43.8 C, the growth rate was reduced by about 80% (4); a shift back to 37 C after 16 min at the higher temperature resulted in a synchronization of cell division (Fig. la) , as reported by Smith and Pardee (7). However, when cells were exposed to the higher temperature in the presence of methionine, the inhibition of growth was prevented (4), and the subsequent synchronization of cell division was abolished (Fig. lb) . The inhibition of growth at the elevated temperature is paralleled by the reduced activity of homoserine trans-succinylase. Upon transfer to 37 C, the activity of this enzyme is immediately regained (4, 5) ; the presence or absence of exogenously added methionine after the transfer to 37 C did not prevent synchronization.
These findings suggested that synchronization of cell division by elevated temperatures was due to the deprivation of methionine rather than to the heat shock. In support of this interpretation, methionine deprivation for 16 min at 37 C resulted in a similar synchronization of cell division (Fig. 2) . Deprivation of methionine was achieved by addition of amethylmethionine (6) at a concentration which simultaneously reduced the activity of the first enzyme and the growth rate by about 80%.
The temperature lability of the division system can be increased by preincubation with p-fluorophenylalanine (7) which is incorporated into proteins and, apparently, renders was added. The culture was divided in two. One part (a) was shifted to 43.8 C for 6 min. It was then returned to 37 C, and samples were removed at 5-min intervals for total cell counts. The other part (b) was treated in the same way, except that methionine (100 jAg/ml) was added at the moment of transfer to the higher temperature. them more temperature-sensitive (2). Thus, after pretreatment of cells with the analogue, an exposure of only 6 min at the higher temperature was required to bring about synchronization (Fig. 3a) . The data in Fig. 3b show that if methionine was present during the heating period no such synchronization was obtained. This result suggests that the protein which is rendered more temperature-labile following pfluorophenylalanine incorporation participates in methionine biosynthesis and may be homoserine trans-succinylase. Its increased temperature sensitivity would result in a more severe limitation of endogenous methionine and might, therefore, shorten the period of starvation required to bring about synchronization.
This investigation suggests that a limitation of endogenous methionine, due to the inactivation of a temperature-labile enzyme required for its biosynthesis, gives rise to synchronization of cell division after heat shock in E. coli. 
